Na+/H+ exchanger activity is increased in doxorubicin-resistant human colon cancer cells and its modulation modifies the sensitivity of the cells to doxorubicin.
Multidrug resistant (MDR) tumor cells exhibit an altered pH gradient across different cell compartments, which favors a reduced intracellular accumulation of antineoplastic drugs and a decreased therapeutic effect. In our study, we have observed that the activity and expression of Na+/H+ exchanger (NHE), which is involved in the homeostasis of intracellular pH (pHi), are increased in doxorubicin-resistant (HT29-dx) human colon carcinoma cells in comparison with doxorubicin-sensitive HT29 cells. The pH(i) was significantly higher in HT29-dx cells, which accumulated less doxorubicin than HT29 cells. The NHE inhibitor 5-(N-ethyl-N-isopropyl)amiloride (EIPA) significantly reduced the pHi value and increased the intracellular accumulation of doxorubicin in both cell populations: in the presence of EIPA HT29-dx cells accumulated as much drug as control HT29 cells. On the other hand, monensin, a Na+/H+ ionophore mimicking NHE activation, and phorbol 12-myristate 13-acetate (PMA), which stimulates NHE, significantly increased the pHi and decreased the drug accumulation in HT29 cells to values similar to those observed in control HT29-dx cells. EIPA potentiated the cytotoxic effect of doxorubicin in HT29 cells, and made HT29-dx cells as sensitive to the cytotoxic effect of the drug as control HT29 cells. Instead, PMA and monensin made HT29 cells as insensitive to doxorubicin as HT29-dx cells. These results suggest that in MDR cells the higher cytosolic pH is likely to decrease drug accumulation, and that such resistance can be reverted by inhibiting the NHE activity. This result opens the possibility to revert MDR with the clinical use of NHE inhibitors.